Natural killer (NK) cells have long been thought of as a purely innate immune cell population, but increasing reports have described developmental and functional qualities of NK cells that are commonly associated with cells of the adaptive immune system. Of these features, the ability of NK cells to acquire functional qualities associated with immunological memory and continuous differentiation resulting in the formation of specific NK cell repertoires has recently been highlighted in viral infection settings.
Summary
Natural killer (NK) cells have long been thought of as a purely innate immune cell population, but increasing reports have described developmental and functional qualities of NK cells that are commonly associated with cells of the adaptive immune system. Of these features, the ability of NK cells to acquire functional qualities associated with immunological memory and continuous differentiation resulting in the formation of specific NK cell repertoires has recently been highlighted in viral infection settings.
By making use of a unique cohort of monitored, at-risk intravenous drug users in this study, we were able to dissect the phenotypic and functional parameters associated with NK cell differentiation and NK cell memory in patients 3 years after acute HCV infection and either the subsequent self-clearance or progression to chronicity. We observed increased expression of cytolytic mediators and markers CD56 bright and
NKp46
+ of NK cells in patients with chronic, but not self-limited HCV infection.
Patients with a self-limited infection expressed higher levels of differentiationassociated markers CD57 and KIRs, and lower levels of NKG2A. A more extensively differentiated NK cell phenotype is associated with self-clearance in HCV patients, while the NK cells of chronic patients exhibited more naïve and effector NK cell phenotypic and functional characteristics. The identification of these distinct NK cell repertoires may shed light on the role NK cells play in determining the outcome of acute HCV infections, and the underlying immunological defects that lead to chronicity.
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acute hepatitis, cytotoxicity, differentiation, hepatitis C, innate immunity, memory, Natural killer cells Besides differentiation of NK cells, in recent years, development of NK cells into memory-like cells has also been reported in both mice and humans, suggesting more similarities between NK cells and CD8+
| INTRODUCTION
T cells than originally thought. 15, 16 In humans, a long-lived memorylike NK cell population was described at higher frequencies in CMVseropositive individuals than CMV-seronegative individuals. 17, 18 These cells were found to express high levels of the of C-type lectin NKG2C, in combination with maturation marker CD57. 17 was approved by the local ethics committee, and all patients and controls in the study gave informed consent before blood donation.
| MATERIALS AND METHODS

| Patient selection and characteristics
| Expression of cell surface and intracellular molecules by flow cytometry
To determine the frequency and phenotype of peripheral blood NK cells, multicolour flow cytometry was performed on PBMC with anti- 
| Statistical analysis
Data are expressed as the mean value ± SEM, unless indicated otherwise. The data were analysed with Prism software, version 5.0 (GraphPad Software Inc., La Jolla, CA, USA) using the Mann-Whitney U test to compare the variables between independent groups and the Spearman rank correlation coefficient test for nonparametric correlations. In all analyses, a two-tailed P<.05 (95% confidence interval) was considered statistically significant.
| RESULTS
| NK cells of patients with a chronic, but not selflimited, HCV infection have an increased CD56
bright /
CD56
dim ratio and expression of granzyme B and
TRAIL
Previous studies have implicated a role for NK cells in the innate immune response to acute HCV infection. 27, 28 To further dissect and understand the characteristics of NK cells following self-resolution of acute HCV infection or during progression to chronicity, we chose to perform a cross-sectional analysis of NK cell phenotype and function in uninfected individuals, patients with a self-limited HCV infection (cleared) and patients who developed a chronic infection. As a first step, using flow cytometric analysis, we evaluated the composition of PBMC, and showed that the percentage of total NK cells (defined by CD56 + CD3 -expression) within the lymphocytes did not differ in the peripheral blood of any of the three groups ( Figure 1A ).
However, an increase in the frequency of CD56 bright and reduction of CD56 dim -expressing NK cells was observed in chronic patients as compared to both the uninfected and self-clearing individuals.
Concurrently with the compartmental analysis, the cytotoxic po- T 
| Expression of natural cytotoxicity receptors unaltered on NK cells of self-clearing HCV patients
NK cell activity is tightly regulated by a balance of activating and inhibitory receptors, and during viral infection, the balance shifts from inhibition, the steady-state condition, towards activation. NKp46 expression was elevated in chronic patients.
| NK cell memory phenotype is not associated with self-clearance or chronic disease in HCV infection
The long-standing dogma of NK cells as a purely innate immune cell population has been challenged in recent years, with increasing reports describing qualities of NK cells that have commonly been associated with immunological memory in response to pathogens. 15, 16 We therefore decided to investigate and characterize this unique NK cell population in HCV infection, and to determine its association with the resolution of acute HCV infections. First, the expression of maturation marker CD57 and the activating CD94-NKG2C receptor was assessed by flow cytometry in uninfected individuals, as well as self-cleared and chronic HCV patients ( Figure 4A ). CD57 expression, but not NKG2C, was significantly greater on NK cells of self-limited HCV patients compared to uninfected controls, whereas in chronic patients, CD57 and NKG2C expression remained unaltered.
Next, we examined the frequency of CD57 
| Self-limited HCV patient have more highly differentiated NK cell repertoires than uninfected and chronically infected individuals
The maturation marker CD57 expression has not only been linked to memory in NK cells, but it has also been implicated, in combination with inhibiting CD94-NKG2A receptor and KIRs, as defining markers in the differentiation of CD56 dim NK cell repertoires. 13, 14 To deter- 
| DISCUSSION
By making use of a unique cohort of monitored, at-risk intravenous drug users in this study, we were able to dissect the phenotypic and functional parameters associated with NK cell differentiation and NK Lastly, cytokine-induced activation, as seen by CD69, was comparable in all groups, whereas IFN-γ-expressing NK cells showed a trend, but nonsignificant, decrease in self-limited patients as compared to the chronic group.
A key finding of this study was that, although we were able to identify the memory-like NK cell population based on CD57 + NKG2C ++ expression in a subset of individuals from all groups in this study, no significant differences were observed in the total percentages of this described for terminally differentiated NK cells makes it difficult to attribute the immunological resistance to reinfection in self-limited HCV patients to this NK cell repertoire.
In line with previous studies, 34, 35 we observed an altered distribution of CD56 bright/dim NK cell subsets in chronic HCV patients, but did not observe an overall decrease in the levels of NK cells as described by other studies. 34, [36] [37] [38] The NK cells of these chronic patients also expressed significantly lower levels of CD16 (data not shown) and increased levels of NKp46 as compared to not only the uninfected group but also the resolved patients. Increased
NKp46 expression in this group is of particular interest, as it has been shown to be one of the principle avenues of NCR-mediated killing and correlated with the cytolytic activity of NK cells in HCV patients. [39] [40] [41] This also supports skewing towards cytotoxicity, 
42,43
Interestingly, however, some of these studies report depressed IFN-γ in chronic patients, whereas no differences were observed in the frequency of IFN-γ-producing NK cells of chronic HCV patients in our study, but instead a trend towards reduction in the resolving HCV patients. This could be attributed to the highly differentiated phenotype of NK cells in this particular group, previously described to be impaired in their cytokine-producing and proliferative capacities. 13 Overall, our data, in combination with that previously described in literature, depict NK cells in chronic patients as phenotypically naïve, with increased expression of NCRs and cytolytic mediators, reflecting the activation response to a persistent viral stimulation.
Collectively, our findings depict an altered, more extensively differentiated, but not memory-like, NK cell compartment in patients after resolving an acute infection, as compared to both uninfected individuals and patients with ongoing infections. This is in contrast to NK cells of chronic HCV patients that displayed a more naïve and effector phenotype with elevated cytotoxic capabilities. Although the highly differentiated NK cell repertoire in acute-resolved patients may not describe the resistance to reinfection observed in self-clearing acute HCV patients, the identification of these distinct NK cell repertoires may shed light on the role NK cells play in determining the outcome of secondary HCV infections, and the underlying immunological defects that lead to chronic infection.
